The southeastern edge of Ordos Basin is rich in coal bed methane (CBM) resource (more than 30.8 × 10 9 m 3 ). The study indicates that rank of coal, maceral composition, depositional environment, thermal evolution history and hydrodynamic are the mainly factors influencing CBM reservoir characterization. The coals in the research area are high rank (1.7% ~ 2.4%R o ) vitrinite-rich coals, which is favorable for methane sorption capacity. The peak gas generation occurred form Jurassic to Early Cretaceous period when the Permo-Pennsylvanian coals were deeply buried (about 3500 m) and were subjected to temperatures >160°C. At northeastern part of study area, the coal seam is exposed at the surface and this leads to CBM desorption as lower reservoir pressure. In the meantime, strong groundwater runoff also intensifies CBM loss. There are two patterns of hydrogeological characteristics of coal bed methane-controlled in study area, that is, the hydraulic migration-escape (shallow area in the east) and the hydraulic jam-up (deep area in the west). The former leads to the coal bed methane escape and is unfavorable for accumulation, conversely, the hydraulic jam-up process are favorable for coal bed methane accumulation.
INTRODUCTION
As a new kind mineral of energy, CBM has an enormous potential of resources, economic value, commercial benefits and environment effect. China is a large country with rich coal bed methane resources. Prospective resources volume of coal bed methane is 30 × 10 12 m 3 within the scope of 2000 m below the surface (Sun, 2005) . The eastern edge of Ordos Basin (Fig. 1) is rich in CBM resource. The southeastern (SE) edge of Ordos Basin is the study area in this paper, and is one of the important CBM exploitation hotspots in China. So far, a great deal of work about CBM reservoir-forming has been done, which is one of the important studies of CBM reservoirs. The studies show that microscopic components of coal is a significant factor influencing methane sorption capacity, and the methane sorption capacity is positively related with the coal rank and vitrinite content (Gareth et al., 2007; Faiz et al., 1992; Crosdale and Beamish, 1993; Lamberson and Bustin, 1993; Faiz and Hutton, 1995; Levy et al., 1997; Crosdale et al., 1998; Clarkson and Bustin, 1999; Laxminarayana and Crosdale, 1999; Mastalerz et al., 2004; Hildenbrand et al., 2006) , while negatively related with the ash content of a coal (Faiz et al., 1992; Yee et al., 1993; Crosdale et al., 1998; Laxminarayana and Crosdale, 1999) . Gas content of coal changes throughout the burial history as sedimentation environment, hydrology, pressure and temperature effects (Faiz et al., 2007; Jin et al., 2008; Sun, 2003; Sun et al., 2002 Qin et al., 2010) . Other studies investigated the coal-reservoir characteristics and their influences on gas adsorption capacity, gas content and gas saturation (Crosdale and Beamish, 1993; Lamberson and Bustin, 1993; Bustin and Clarkson, 1998; Andrew et al., 2006; Mastalerz et al., 2004; Levine, 1992; Faiz et al., 2007; Su et al., 2001; Radlinski et al., 2004; Mastalerz et al., 2008; Yao et al., 2009) . Although there are considerable literatures about CBM pool-forming, the studies on the factors affecting CBM reservoir-forming are still much weaker in the study area. Numerous factors influence CBM pool-forming and a holistic approach is required to fully understand the most Figure 1 . The location of study area.
important controls. For this study, to fully evaluate the prospect of the CBM resource in the SE edge of Ordos Basin, numerous factors including coal petrography, burial history, hydrology and the conditions of pressure and temperature need to be studied related to methane sorption capacity and gas contents.
2. GEOLOGICAL SETTING 2.1. Regional structure The Ordos Basin is located in the Northern China (Sun et al., 2007; Chen et al., 2011; Jiang et al., 2011) . The east edge of Ordos Basin, located to the west of the Shanxi platform uprise with Zijingshan fault zone in its east, the Yellow River on the west and Weibei uplift belt on the south. From the late Indo-Chinese Epoch to Yanshanian Epoch, the Shanxi platform uprise was subjected to uplift, which led to the development of the east edge of Ordos Basin (Zhao et al., 2011) . In this period, the regional tectonic framework of a west-dipping monoclinic structure was formed. The SE edge of Ordos Basin is the Daning-Xiangning tectnoic zone with the regional tectonic framework of monoclinic structure, northwest-dipping at an angle of 3°~15°.
Coal-bearing series and coal seams
The coal-bearing series and coal seams of the SE edge of Ordos Basin are shown briefly by Figure 2 . In the study area, strata consist of, in the ascending order, the Ordovician System, the upper Pennsylvanian System, the Permian System, the Triassic System and the Quaternary System. The main coal-bearing strata include Taiyuan 
DISCUSSIONS 3.1. Coal petrology and elemental analyses
Coal petrology and quality characteristics such as maceral content, moisture, ash yield and rank are the main factors influencing adsorption capacities in the SE edge of Ordos Basin, which was studied using methane adsorption isotherm experiments. Methane sorption capacities and CBM gas content are determined for 11 samples, which were obtained from CBM exploration boreholes. Methane adsorption isotherm experiments are made in accordance with the Chinese Standard Method GB/T 19560-2004 at the Gas Research Center, Langfang Branch of Research Institute of Petroleum Exploration and Development. CBM gas content is tested in accordance with the Chinese standard GB/T 19559-2004. Proximate analysis, ultimate analysis, maceral analyses and vitrinite reflectance measurements are made also for those 11 selected samples. The results of the methane adsorption isotherm experiments are shown in Table 1 .
Maceral content
The maceral content is a key factor affected the methane sorption capacity. It is generally recognized that vitrinite and inertinite can store more methane than exinite. Research on the methane sorption capacity, it is found that higher sorption capacities associated with vitrinite-rich coals and high organic matter content at the same rank. Vitrinite content for the 18 samples studied ranges from 56.2% to 66.3%, and the Figure 2 . Stratigraphic columns of Permo-Pennsylvanian coal-bearing strata in study area.
Langmuir volumes (V L ) for CH 4 sorption from 2.85% to 5.92%. The experimental results indicate that the amount of methane sorbed (V L ) increases with the increasing of vitrinite content or maceral content (vitrinite and inertinite), which implies that there is a positive correlation between sorption capacity and vitrinite, however, there are no significant trends found with inertinite ( Figs. 3 and 4) .
Moisture and ash yield
Moisture is one of the main factors that affect methane sorption capacity. Studies show that gas content is negatively correlated with ash yield and mineral content (Faiz et al., 2007) . The amount of methane absorbed (V L ) declines with the increasing of moisture at a given rank (Fig. 5) , which show that moisture is a negative effect on methane capacities. There is no significant relationship between methane sorption capacity and ash content, which shows that ash yield is not one of the main factors that affect methane sorption capacity.
Influence of coal rank
Previous works have indicated that coal rank is a dominating control on methane capacity, And both microporosity and sorption capacity of CBM increase with increasing coal rank (Clarkson and Bustin, 1996; Prinz and Littke, 2005; Sun et al., 2005 Sun et al., , 2010 Yao et al., 2011) . Based on sufficient statistics, a relational model between rank and methane capacity is constructed (Su et al., 2005) . According to the rates of change of Langmuir volume, this model shows that there are four stages of changes in methane capacity: R o < 1.34%, 1.3% ~ 2.5% R o , 2.5% ~ 4.0% R o and R o > 4.0% (Fig. 6) . The coals in the research area are high rank coals (1.7% ~ 2.4% R o ), which is located at the second phase. At the second stage, the gas sorption capacity of coal increases with increasing coal rank, but the rate is slower than the first stage (Fig. 7) .
Burial and thermal evolution history
On the basis of the sedimentary evolution history of the east edge of Ordos Basin, the value of mean maximum vitrinite reflectance (R o ) for Shanxi and Taiyuan Formation coals, and precedent achievements related, the burial and sedimentary evolution history of the study area was re-constructed using the software "BASIN-MOD". Paleogeotherm of the key geologic era for Shanxi and Taiyuan Formation coals were carried out according to paleogeothermal gradient and burial evolution history of the study area. At the SE edge of Ordos Basin, the coal-bearing stratum underwent subsidence and deposition during Late Permian Epoch to Late Triassic Epoch period. Burial and thermal history modeling indicates that Permian-Pennsylvanian coal-bearing strata were attained as a result of about 60°C and 645 m burial during the Late Permian Epoch, which can not result in coal metamorphism. During the Triassic Epoch period the coal-bearing stratum underwent subsidence too (i.e about 3 km burial and temperature >100°C, late Triassic Epoch) (Fig. 8) . In this period the carbonization occurs and the gas contents, on average, increase with depth up to about 3000 m. During the Late Triassic Epoch the coal-bearing stratum underwent uplifting and erosion conditioned by the Triassic Indosinian Orogeny but were subsided and reburied during Jurassic to Early Cretaceous period. In the SE edge of Ordos Basin, the main phase of thermogenic gas generation occurred during the Jurassic to Early Cretaceous period, when the Permo-Pennsylvanian coals were deeply buried (about 3500 m) and were subjected to temperatures > 160°C (Fig. 8 ). Peak gas generation occurred from the Jurassic to Early Cretaceous period in the study area. During the Yanshanian Orogeny of the Late Cretaceous, the Permo-Pennsylvanian coal-bearing strata underwent uplifting and erosion. Since the late Cretaceous period, coal bed gas generation is decreasing and gas diffusion starts actively.
ENERGY EXPLORATION & EXPLOITATION

Hydrodynamic
At the SE edge of Ordos Basin, the total CBM resource preserved in PermianPennsylvanian coals is estimated to be more than 30.8 × 10 9 m 3 . It is shown that the gas content of the Permian-Pennsylvanian coals increases from NE to SW, even though the rank and maturity of the coals changes only slightly. Hydrodynamic studies indicate that the Permian-Pennsylvanian coals are aquifers in which the groundwater is recharged from atmospheric precipitation at weathered outcropping limestone of the 684 Factors influencing coal bed methane reservoir in southeastern edge of Ordos Basin, China eastern edge. At northeast, near Longmenshan and Longci hydrogeological unit, most of the gas has been flushed out of the coals due to reduction of reservoir pressure and active water flow from the East. The gas content, therefore, is lower relatively at northeast area, with the content of 8m3/t. At the meantime, hydrodynamics also impacts the gas content at the south western. In the south western, the non-coal seam outcrops, CBM contents are significantly higher (Fig. 9) . Groundwater runoff flow from northeast (shallow layer) to southwest (deep layer) along same layer so that it closes upward diffusion of CBM. South western is low water level equipotential surface area, and the groundwater is in retaining state so that it is very good storage region to save CBM.
CONCLUSIONS
(1) Higher sorption capacities are correlated with vitrinite-rich coals and high organic matter content. Gas content is negatively correlated with ash yield and mineral content. There is no significant relationship comparing methane sorption capacity with ash content. (2) The coals in the research area are high rank coals (R o : 1.7%~2.4%), and the gas sorption capacity of coal increases with increasing coal rank. (3) The main phase of thermogenic gas generation occurred during the Jurassic to Early Cretaceous period, when the Permo-Pennsylvanian coals were deeply buried (about 3500 m) and were subjected to temperatures >160°C. Peak gas generation occurred from the Jurassic to Early Cretaceous period. (4) There are two patterns of hydrogeological characteristics of coal bed methane-controlled in study area, that is, the hydraulic migration-escape (shallow area in the east) and the hydraulic jam-up (deep area in the west ). The former leads to the coal bed methane escape and is unfavorable in the coal bed methane accumulation, conversely, the hydraulic jam-up process is favorable to the coal bed methane accumulation. 
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